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Abstract
The electrical and stability properties of superconductive strands are often characterized by short sample testing. These
tests are often done in a measurement system where the sample is cooled by liquid cryogen or cold gas ﬂow. In both
approaches, the sample temperature during a measurement is stabilized by the abundance of available cooling power.
This also helps to protect the sample during a thermal runaway i.e. quench. However, in some characterizations, e.g.
minimum quench energy testing, the cooling conditions can have a signiﬁcant eﬀect on the results. Therefore a more
adiabatic solution is preferable as it enables easier comparison of the results from diﬀerent measurement stations. One
solution to achieving the desired adiabacy is to use conduction-cooling and vacuum insulation. As there is no cooling
ﬂuid to rely on, a scheme for sample protection has to be implemented. In a conduction-cooled setup, one way to protect
the sample is to use an active protection system in conjunction with a properly designed sample holder.
In this publication, we present an electrical and thermal analysis of a conduction-cooled sample holder suitable
for both critical current and minimum quench energy measurements. A coupled electro-thermal ﬁnite element method
model was constructed to study the sample holder performance during measurement. For our application, the perfor-
mance is deﬁned by the ohmic losses in the holder components and by the recovery time from a sample quench.
c© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Horst Rogalla and Peter Kes.
1. Introduction
Short sample tests are often used for analyzing the electrical and stability properties of superconductive
strands. However, the design of the sample holder, the structure providing mechanical support and current
contacts for the sample under test, is known to have an eﬀect on the measurement results. In a liquid cryogen
or cold gas ﬂow cooled system the abundance of available cooling power creates an intrinsic way for dealing
with these challenges. The case is, however, quite diﬀerent for the conduction-cooled approach as presented
in [1] and [2]. In both publication it is emphasized that the measured critical current (Ic) and especially the
n-value is signiﬁcantly eﬀected by the heating of the sample, i.e. Ic is reduced and the n-value increased.
The self heating of the sample combined with the adiabacy made possible by the conduction-cooled
setup is a troublesome combination. If adiabacy is desired, the sample will warm up during measurement
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regardless of the sample holder. This is intuitively clear as the amount of heat that can be conducted through
the matrix of a composite superconductor to the cooling contact is limited. Self heating can, however, be
managed by designing a proper sample holder. In addition to self heating, the limited cooling power poses
challenges in quench protection. Therefore sample burnout is a risk that needs to be managed.
The main demands for a sample holder in a conduction cooled system can therefore be deﬁned as fol-
lows:
1. Holder has to provide mechanical support for the sample (similarly to a liquid/gas ﬂow cooled setup).
2. Holder should generate as little ohmic loss as possible.
3. Holder needs to be designed to accomodate the cooling and burnout protection requirements.
2. Computation model
From the outlines presented above, a sample holder conﬁguration was sketched using CAD software.
The initial conﬁguration and the simpliﬁed computational model is presented in ﬁgure 1. The simpliﬁcations
were based on the application of symmetry along the central plane and by removing all details having only
a small impact on the thermal and electrical problems. For example, the ﬁberglass support structure has low
thermal and electrical conductivity, so it’s eﬀect on the quantities under study is not signiﬁcant.
For analyzing the conﬁguration described above in steady state operation, a situation similar to a critical
current measurement before the sample quenches, a combined electrical and thermal model was used. To
study the sample holder behavior in a quench, a transient thermal model was used. The electric part was
incorporated to the thermal model as volumetric heat generation in the superconductor. This could be
done since it is known that a quench in a single superconducting strand can be modeled as a homogenized
entity [3–6]. Also from the results of the steady state analysis it was apparent that the heat generation in
the holder and current/cooling ﬁxture due to ohmic heating was low when compared to that generated in
the superconductor during quench. It was therefore a reasonable tradeof to use only the thermal model to
facilitate signiﬁcantly shorter computation times.
For evaluating the performance of the studied setups, some quantiﬁcation of performance had to be
deﬁned for both steady state and transient cases. As the steady state analysis was used to evaluate the
self heating of the sample holder, a natural choice was to study the total ohmic losses of the diﬀerent
conﬁgurations. In the transient case the performance was determined by studying the time it took for the
temperature of the symmetry point to return within 1 K of the initial temperature. This recovery time was
then used for comparing the diﬀerent geometries.
Finite element method (FEM) was used to solve the partial diﬀerential equations of the model. For the
actual computations, commercial FEM software Comsol [7] was used. Post processing and analysis of the
results was done using Matlab[8].
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Fig. 1. Illustration showing actual sample holder and computation model with boundary conditions
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3. Results
To determine the eﬀects of sample holder aspect ratio, interface contact area and solder joint length, the
width and length of the sample holder terminal were varied in the simulations. The length of the holder was
varied from 5 to 50 mm and the width from 5 to 40 mm. The aspect ratio of the sample holder rectangle was
deﬁned as length
width and as such the aspect ratio varied from 1/8 to 10 i.e. from short and wide contacts to long
and thin. The dimensions of the current/cooling ﬁxture remained constant since in a real setup it is usually
a part of an existing measurement cryostat and therefore it is not easily changed.
Material parameters from literature were used for the copper parts [9] and for the solder material re-
sistivity values presented in [10] were used. Unfortunately, the low temperature thermal properties of the
solder used in [10] are unknown and some approximation had to be used instead. The thermal conductivity
of standard Sn 60% -Pb 40% soft solder and the speciﬁc heat of copper were used for approximation. The
thin resistive layer expressed in ﬁgure 1 proved to be problematic to model and it was omitted from the
computations. It can however, have a signiﬁcant role and the model will have to be reﬁned to take it into
account in the future.
For the superconducting composite strand Ic was ﬁxed to 300 A at 20 K operating temperature. The
operation current for both steady state and quench simulations was set to 250 A, 83% of Ic. The n-value
used in the simulations was 35. Two variations of the same conductor were used, one with copper outer
sheath, the other with Monel sheath. Thermal properties from literature were used for MgB2, Monel and
copper [9, 11–14]. The eﬀective material properties vere computed from the volumetric fractions presented
in table 1. This method is explained in detail e.g. in [3].
The results for the electric part of the steady state electro-thermal simulations are presented in ﬁgures
2 and 3. The thermal analysis showed that the maximum temperatures in the computational model dur-
ing steady state operations were 20.02 and 20.93 K for the copper and Monel sheats, respectively. These
temperatures were obtained when both the width and length were at minimum, i.e. 5mm.
The results indicate that ohmic losses in the sample holder, solder joint and current contact reduce with
increasing sample holder length. This behavior was expected as the setup closely resembles the lap joint case
studied in [10]. The width, however, does not have a signiﬁcant eﬀect on total losses. From these ﬁndings it
can be concluded that the solder joint is a major source of ohmic losses in this type of a conduction cooled
holder. Also, it should be noted, that the sample itself has an eﬀect on the power dissipation. If isoline
values of ﬁgures 2 and 3 are compared, a Monel sheathed sample would generate an order of magnitude
greater amount of than a copper sheathed one. This eﬀect could be anticipated from the results presented in
[10].
The results from the transient thermal model, used for analysing quench behavior and recovery, are
shown in ﬁgures 4 and 5. The results suggest that the most eﬀective way of improving recovery time is to
lengthen the sample holder. This in turn suggests that the joint between the holder and the sample is the most
critical area and improving the contact reduces the recovery time. If the results from the two sheath materials
are compared, it is clear that also in this case, the sample itself has a signiﬁcant eﬀect on the performance
of the sample holder. As the Monel is a poor thermal conductor compare to copper, the recovery times from
quench are signiﬁcantly longer.
4. Conclusions
Simple 3D electro-thermal steady state and thermal transient models were developed to study the behav-
ior of a conduction cooled sample during steady state operation and quench. The results of the computations
Table 1. Volumetric fractions of component materials
Sample Copper Monel Niobium MgB2
Copper sh. 86.67% - 3.33 % 10 %
Monel sh. 27 % 40% 17 % 16 %
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Fig. 2. Steady state analysis results, copper sheath. Diﬀerence be-
tween two isolines is 2 mW.
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Fig. 3. Steady state analysis results, Monel sheath. Diﬀerence be-
tween two isolines is 20 mW.
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Fig. 4. Quench recovery time, copper sheath
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Fig. 5. Quench recovery time, Monel sheath
indicate that the most eﬀective way to improve the performance of the holder i.e. to reduce steady state
ohmic losses and recovery time from quench, is to increase the length of the sample holder. This in turn
suggests that with the material properties used in these models, the main focus for improvement is the solder
joint between the sample and the holder. Also the sample was shown to have a signiﬁcant eﬀect on both
the ohmic losses and recovery time. Therefore when a conduction cooled sample holder is designed, the
properties of the sample that is to be studied, should be taken into account.
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